The diversity and distribution of aquatic benthic invertebrate communities of 17 lakes and 3 shallow ponds near Iqaluit and Rankin Inlet, Nunavut, Canada, were examined to assess patterns with respect to environmental gradients. Macroinvertebrates were collected using 500 mm mesh D-nets, and collected specimens were identified and enumerated; a total of 40 taxa were identified. Multivariate analyses (Redundancy Analysis) of relative abundance (%) data identified habitat (dominant substrate type), water chemistry, nutrients, and food/productivity (total phosphorus, total nitrogen, sulfate, dissolved oxygen, chlorophyll a), physical characteristics (maximum depth), catchment-related properties (lake elevation), and climate-related properties as significant environmental gradients influencing community composition. Ecosystem-scale lake characteristics had the greatest influence on benthic communities, followed by substrate type; however, there were substantive amounts of community variation influenced by the interaction between lake characteristics, substrate type, and regional differences. A number of environmental variables may have been significant due to differences in their values when comparing Rankin Inlet region sites versus Iqaluit region sites. The results agree with other studies indicating that benthic invertebrate communities are influenced by environmental gradients acting at different scales ranging from local, within-lake scales to large, regional scales.
Introduction
Benthic invertebrate studies have been a prominent part of freshwater ecology and biomonitoring research in temperate and boreal regions; however, studies in the Arctic have been scarce. Recent limnological investigations conducted over a large range of the Canadian Arctic suggest that lakes and ponds in the Arctic differ with respect to their physical and chemical characteristics, related to the landscape position of the lakes and ponds, which in turn affects their catchment and limnology (Hamilton et al., 2001; Michelutti et al., 2002; Antoniades et al., 2003; Lim and Douglas, 2003) . These studies, however, focused on analyses of algal (diatom) communities, and as a result there are still few studies that have investigated how the faunal community structure of the lakes and ponds in the Arctic is structured across environmental gradients. Therefore, our understanding of Arctic Canada benthic community composition and ecology remains poor for most regions.
It is well known that limnological characteristics can determine habitat availability for aquatic organisms, and thus influence their distribution, where the limnological characteristics of lakes and ponds are strongly determined by climate conditions and watershed characteristics (e.g. lake productivity and adjacent landscape allochthonous input) (Allan and Johnson, 1997; Kratz et al., 1997; Hawkins et al., 2000) . In recent decades synoptic surveys have been used widely to explain the benthic community structure of streams and lakes with respect to multiple environmental variables (e.g. Fü reder et al., 2006) . These studies are ideal for evaluating whole community structure along multiple environmental variables and comparing multiple lakes and rivers of the same region. Using this synoptic method this study attempts to determine what environmental variable(s) strongly influence distribution and diversity of benthic invertebrates in arctic lakes. This may provide insights on future changes in the benthos community composition of these regions' lakes, influenced by climate-mediated changes in catchment limnology and ecosystem processes.
Materials and Methods

STUDY SITES
A total of 5 lakes near Iqaluit (63u479N, 68u329W), and 12 lakes and 3 ponds near Rankin Inlet (62u529N, 92u109W), Nunavut, Canada, were sampled in July 2006 (Fig. 1 ). Lakes were selected from 1:50,000 topographic maps (Mapping and Charting Establishment, Department of National Defense, 1967) . In order to reduce any potential anthropogenic influence, sampled lakes and ponds were distant from populated areas. For the purpose of this study, the two regions were chosen based on their differences of topography/catchment properties and climate. The study lakes in Iqaluit are characterized by high altitude (mean elevation 5 179 m a.s.l.) and smaller catchment area (CA; mean CA 5 74.4 ha) than those in the Rankin Inlet region (mean elevation 5 21 m a.s.l.; mean CA 5 111.6 ha). The dominant substrate is boulder-cobble in the Iqaluit study sites, compared to cobble, gravel, and sand in the Rankin Inlet study sites. The study sites in both regions are located on Precambrian bedrock; however, the lakes and ponds near Rankin Inlet are also located on layers of both sedimentary and volcanic rocks, while the study lakes near Iqaluit are located on intrusive volcanic rocks. Vegetation cover in the catchment of Iqaluit region sites is scarce, while the catchments of Rankin Inlet region sites were nearly 100% covered by vegetation such as grasses, sedges, and lichens.
While the two regions are at a similar latitude, Iqaluit has a lower mean summer (June-August) temperature of 6.3 uC compared to Rankin Inlet mean summer temperature of 8.1 uC , Meteorological Service of Canada; t 5 28.4, df 5 25, P , 0.001). These climate differences would be expected to have substantive effects on differences in the limnological and ecological dynamics of these two regions that were not explicitly sampled or measured in this study (e.g. thicker ice cover, later date of ice-off, and shorter period of hydrological flow at abovefreezing temperatures, shorter growing seasons for both aquatic and catchment vegetation communities).
SAMPLING METHODS
Benthic invertebrates were collected based on Ontario Benthos Biomonitoring Network (OBBN) protocols (Jones et al., 2005) . The OBBN protocol was used as an established standard method of sampling benthos, as there are no benthos sampling protocols explicitly designed for arctic lakes and ponds. Using a D-net with 500 mm mesh, samples were collected by a kick-and-sweep method along three transects selected randomly along the shoreline perimeter, with the transect spanning the shoreline to a depth of 1 m. Initial sampling indicated that there were very low abundances of benthic invertebrate specimens, so kick-and-sweep collection was conducted for an extended period of 10 minutes, or until 100 specimens were collected. In the majority of sampled lakes, smaller insect larvae were collected (first instars). Therefore, the specimens were sorted both at the site using a sorting tray for larger specimens and in the laboratory for smaller instars.
Along with D-net samples, water samples were collected for water chemistry analyses (i.e. major ions, total nitrogen, and total phosphorus). Samples were collected and subsequently analyzed, following standard methodology, at the National Laboratory for Environmental Testing (NLET) at the National Water Research Institute (NWRI) in Burlington, Ontario (Environment Canada, 1994) . Measures of pH, dissolved oxygen, conductivity, and oxidation reduction potential (ORP) were taken using a digital multiparameter sonde (Yellow Stream Instruments model 650). Secchi depth and lake depth were measured for each lake from a canoe at a mid-basin location. Elevation, latitude, and longitude were measured using GPS and compared to topographic maps (1:50,000) for further accuracy. Watershed and lake surface area were determined from topographic maps (1:50,000). Lake-wide visual estimates of the lakes' dominant substrate type (boulder, cobble, gravel, sand, clay) , distance of riparian vegetation to the lake shore (i.e. distance from shoreline to vegetation up on the banks), and the catchment's vegetation coverage (i.e. presence or absence scores) were also made in the field (Table 1) .
LABORATORY ANALYSES
Macrobenthos collected were keyed to the lowest possible taxonomic level, based on available taxonomic keys and validation of specimen identification by other entomologists and/or taxonomists (Namayandeh, 2008) . Many larval Chironomidae were taxonomically distinct such that they could be keyed to species, while other taxa, such as Nematoda, were not keyed beyond a broad taxonomic level due to a lack of diagnostic taxonomic keys. Five major functional feeding groups were delineated: predator, collector-gatherers, shredders, filter feeders, and scrapers (grazers), based on Clark (1973) , Cummins (1973) , Merrit and Cummins (1996) , Larson et al. (1999) and Thorp and Covich (2001) .
DATA ANALYSES
The Shannon diversity index (H9) was used to determine the benthic invertebrate diversity of the lakes and ponds in the two regions. Pearson correlations were run to determine if any environmental gradients had significant (P , 0.05, two-tailed Bonferroni-corrected probabilities) correlations with benthos taxa or functional feeding group composition.
A total of 23 environmental variables along continuous gradients (Table 1) were compared to the benthos composition (% abundance of species/taxa or functional feeding group) of 20 lakes and ponds. Species data were square root transformed prior to analysis, and rare taxa were not excluded, while environmental data were transformed in SPSS for Windows, based on the transformation that minimized the Skewness of the data (Table 1) . Based on a Detrended Correspondence Analysis (DCA) axis 1 gradient length of ordinated species data (between 2 and 4 standard deviation [SD] units), it was not clear whether a unimodal or linear response model best fit the species/taxa data, therefore, two separate ordinations were performed, using both linear approaches (Redundancy Analysis; RDA) and unimodal approaches (Canonical Correspondence Analysis; CCA). RDAs of functional feeding group data were performed as a DCA produced a short (,2 SD) axis 1 species gradient length. All ordinations were performed using CANOCO for Windows v. 4.5 (ter Braak and Š milauer, 2002) . For each set of ordination analyses, environmental variables with significant influence on benthos and functional feeding groups were sequentially removed using a step-wise backwards elimination procedure to remove colinear variables until variance inflation factors (VIFs) were #10. As a number of important environmental variables were significantly different between the two regions, additional RDAs were performed including only Rankin Inlet sites, to identify significant habitat-, ecosystem-, and catchment-scale gradients within a single region. Due to the low number of sites in Rankin Inlet-only analyses (n 5 15), there may be particularly low statistical power associated with a 5 0.05, therefore alpha was increased to a 5 0.10 for retaining variables in stepwise elimination multivariate ordination models to improve statistical power. Increasing alpha to 0.10 will increase the type I error rate, which may increase the chance of identifying environmental Average, minimum, and maximum values of environmental variables in 5 Iqaluit region (IQ) and 15 Rankin Inlet region (RI) ponds and lakes. The column ''t-test'' indicates the P-value of an unpaired t-test, assuming unequal variances, comparing values in Iqaluit sites versus Rankin Inlet sites: NS = not significant, P . 0.05; marg = 0.05 , P , 0.10; * = P , 0.05; ** = P , 0.01; *** = P , 0.001. ''Direction'' indicates the pattern of difference in statistically significant t-tests. ''RDA %'' is the amount of species variation (%) explained by the environmental variable in a univariate (singly constrained) RDA, and ''P-value'' is the statistical significance of that environmental variable. variables as significant when they do not have a strong influence on assemblages. However, a low sample size that is typical of data sets from field-based studies in remote areas may produce result outcomes that are dominated by accepting false null hypotheses, which is problematic when vulnerable populations are being studied (sensu Taylor and Gerrodette, 1993) , which in this case are aquatic ecosystems in a region vulnerable to future climate warming. Analysis of Variance tests (ANOVAs) were performed to determine which specific taxa were significantly influenced by substrate type. Variance partitioning analyses (sensu Borcard et al., 1992) were performed to determine the relative influence of variables operating at different spatial scales sensu Johnson and Goedkoop (2002) (Table 1) . Dominant substrate type was assigned as a habitat-scale variable, while lake chemistry and physical characteristics (e.g. SO 4 , Zmax) were assigned as ecosystem-scale variables. Catchment-, ecoregion-, and geographical-scale variables were amalgamated into one ''catchment+'' category, including lake catchment area (CA), lake elevation (ELEV), latitude (LAT), longitude (LONG), and 'region' (Iqaluit or Rankin Inlet). Latitude and longitude were significantly different when comparing Iqaluit and Rankin Inlet sites (t-tests, P , 0.05), and geographical-scale variables were highly colinear if both LAT/LONG and 'region' were included in analyses. The categorical variable 'region' was retained instead of LAT or LONG, as this variable would better incorporate a number of regional-scale differences amongst the two study locales, including the influence of different climatic conditions, bedrock geology, catchment vegetation type, and biogeographical dynamics due to differences in patterns of dispersion, colonization, and extinction in mainland Rankin Inlet sites compared to Iqaluit sites on Baffin Island. As CANOCO for Windows v. 4.5 produces biased results when conducting VPAs, VPAs were run using the ''varpart'' command in the ''vegan'' package of the software program R version 2.12.1 to obtain r 2 -adjusted values of the relative influences of variables influencing benthos community composition (PeresNeto et al., 2006) .
Results
A total of 1071 specimens from 40 benthic macroinvertebrate taxa were collected and identified (Table 2) in 20 sites. As sampling was conducted in July, several weeks after ice-off, and small, early instars were found in the collection nets, it is possible that numbers of collected specimens may have been depressed by the loss of small, early instar specimens through the D-net's 500 mm mesh. Additionally, it is also possible that numbers of some insect groups may have been underestimated due to rapid emergence of adults in the spring, soon after ice-off in mid-to late June. The most abundant single taxon was Gammarus lacustris lacustris. Dominant taxonomic groups included Amphipoda and Diptera (primarily Chironomidae) (Fig. 2, a) , while predators and collector-gatherers were the dominant functional feeding groups (Fig. 2, b ). Amphipoda were more abundant (%) in Iqaluit sites compared to Rankin Inlet sites (t 5 3.7, P 5 0.002, df 5 18), while Plecoptera were more abundant in Rankin Inlet sites (t 5 2.1, P 5 0.05, df 5 18). A number of major taxonomic groups present in Rankin Inlet sites were absent in Iqaluit sites, including Bivalvia, Ceratopogonidae (within Diptera), Collembola, Ephemeroptera, Gastropoda, Nematoda, and Plecoptera, while all taxonomic groups present in Iqaluit were also present in Rankin Inlet. Collector-gatherers were more abundant in Iqaluit (t 5 3.1, P 5 0.006, df 5 18), while shredders were more abundant in Rankin Inlet (t 5 23.0, P 5 0.007, df 5 18).
PATTERN OF SPECIES DIVERSITY
There was no difference in species diversity (Shannon H9 diversity) when comparing Iqaluit and Rankin Inlet sites (t 5 0.0, P 5 0.99, df 5 18). There were not significant correlations with any environmental variable (P . 0.05), with only modest correlations with some environmental variables (e.g. air temperature, r 5 20.28; lake surface area, r 5 0.26). One site (RI 11) had very low species diversity (H9 5 0.55), and when it was removed from analyses correlations were much stronger, with significant correlations (P , 0.05) with a number of environmental variables including major ion concentrations (SO 4 , r 5 0.57; Ca, r 5 0.50; Mg, r 5 0.50; conductivity, r 5 0.50), air temperature (r 5 20.47) and lake catchment area (r 5 20.50). Species diversity was still not different between the two regions with the removal of RI 11 (t 5 20.54, P 5 0.59, df 5 17). Species diversity was negatively correlated with air temperature in both analyses due to lower species richness in warmer sites, indicating greater dominance by the species that were present.
MULTIVARIATE ORDINATIONS
Linear-based approaches (RDAs) explained greater amounts of species variation compared to unimodal-based approaches (CCAs) (46.3% versus 41.3%, respectively), so RDA results are presented here. Stepwise backwards elimination retained nutrients (TP, TN), productivity/food (CHLA), major ion chemistry (SO 4 ), dissolved oxygen concentration (DO), lake depth (Zmax), and landscape position (lake elevation) as environmental variables that were correlated with benthos community composition. Lake elevation was strongly negatively correlated with all major ions (r 5 20.66 to 20.87), reinforcing the usefulness of lake elevation as a simple proxy for landscape position in our analyses, as lower elevation sites (presumably with larger inputs of surface water and groundwater inputs compared to high-elevation sites) had higher concentrations of major ions. The first two RDA axes explained 25.1% of total species variation, and 54.2% of species variation was explained by the 7 retained environmental variables (Fig. 3) . Based on RDA results, shredders such as Stictochironomus species showed a positive correlation with TP, while predators such as Culicoides (Ceratopogonidae) were strongly correlated with chlorophyll-a (Fig. 3, a) . Oligochaetes were more abundant in shallow, productive sites while water mites (Hydracarina) were more abundant in deeper, unproductive sites (Fig. 3, a) . There was clear separation of Rankin Inlet versus Iqaluit sites, with the less productive Rankin Inlet sites plotting into the right-hand quadrants of a site-environment RDA biplot (Fig. 3, b) . Although calcium was not retained in RDA analyses due to being colinear with other retained variables, passive ordination of Ca indicated that it is highly correlated with RDA axis 1. RDAs consisting of only Rankin Inlet sites retained fewer environmental variables, with greater importance of catchment+ variables (lake elevation, lake catchment area) compared to Iqaluit and Rankin Inlet analyses (Fig. 4, a) . The placement of several species in both RDA biplots were similar, with Gammarus lacustris lacustris (GamLacla) and Philarctus quaeris (Philaqua) associated with lakes with high dissolved oxygen concentrations (Fig. 4, a) . The relative places of several Rankin Inlet sites substantively changed in Rankin Inlet-only analyses; for example, in the full data set RI 01 and RI 02 plotted in the same ordination space (Fig. 3, b) , while in the Rankin Inlet-only data set these two sites plotted some distance from each other (Fig. 4, b) .
Ordination of functional feeding group data retained four environmental variables, including sodium and silica concentra-tions, lake position (lake elevation) and lake catchment area (Fig. 5, a) . Scrapers and collector-gatherers were more abundant in the less productive, more isolated Iqaluit region sites (Fig. 5, b) , while filter-feeders, shredders, and predators were more abundant in Rankin Inlet sites, with predators more abundant in sites with small catchments.
HABITAT PREFRENCES
One-factor ANOVAs identified 3 taxa as having different abundances amongst different substrates: Hydrobaenus fusistylus (P 5 0.029), Physa jennessi (P 5 0.026), and Valvata helicoidea (P 5 0.026), with H. fusistylus present only on substrate dominated by boulders, and P. jennessi and V. helicoidea both present only on substrate dominated by sand. Another 4 taxa had marginal differences amongst substrates, including Gammarus lacustris lacustris (P 5 0.092, highest abundances on boulders), Hydracarina (P 5 0.056, highest abundances on cobbles), Paracladius quadrinodosus (P 5 0.096, highest abundances on boulders), and Capnia (P 5 0.055, highest abundances on sand).
VARIANCE PARTITIONING ANALYSES (VPA)
Habitat-, ecosystem-, and catchment-scale environmental gradients explained 64.1% of variation (R 2 values) in benthos communities (Fig. 6) ; R 2 adjusted 's fractions of variation were much lower, likely due to the small sample size of the data set (PeresNeto et al., 2006). One-fifth of explained variation (12.5%) involved interactions between variables at different scales. For 'pure effects' of variables, ecosystem-scale variables explained the most variation (29.7%), followed by habitat-scale variables (13.2%) and then catchment-scale variables (8.7%). While each category of environmental variables explained significant (P , 0.05) amounts of variation in benthos communities when interactions with other categories were included (both for R values. Similar to analyses involving the entire data set of Iqaluit and Rankin Inlet sites, the most variation was explained by ecosystem-scale variables (22.3%), although catchment-scale variables explained similar amounts of variation (17.9%), followed by habitat-scale variables (12.1%), while interactions amongst categories explained 9.1% of variation, for a total amount of explained variation of 61.4% (Fig. 6 ).
Discussion
PATTERNS OF DIVERSITY AND COMMUNITY COMPOSITION IN CENTRAL NUNAVUT
Gammarus lacustris lacustris, the most abundant taxon collected in this study, is a stenothermal cold-tolerant species with widespread occurrences in cold sites such as high-latitude or high-altitude lakes or cold spring-fed waters at lower latitudes or altitudes (Pennak and Rosine, 1976) . Chironomidae usually represent more than one-fifth of the total number of all insects in the arctic region, with an increase of relative abundance in more severe climate conditions (Oliver, 1968) . Family Chironomidae accounted for over one-third of specimens collected and enumerated in this study, indicating their relative success in this cold and unproductive arctic region. According to Brundin (1966) , chironomids evolved in the cold-water upper reaches of mountain streams that had high dissolved oxygen concentrations and low variation in water temperature. While there is substantial intrafamily variation in temperature preferences of chironomid taxa in the Canadian Arctic (Barley et al., 2006) , all subfamilies in this major taxonomic group have cold-adapted species.
The overall richness of EPT taxa (Ephemeroptera, Plecoptera, and Trichoptera) was very low in both regions, with a total absence of Ephemeroptera and Plecoptera in Iqaluit region lakes. Rankin Inlet region lakes and ponds had only one species of Ephemeroptera present, Baetis bundyae. Within the Nearctic, most of the 55 species of mayflies whose range extends north of 60uN are found in the west of the continent, with a steep eastward decline in diversity, likely due to the milder climate and extensive forest cover in Alaska, and the Yukon and western Northwest Territories (Cobb and Flannagan, 1979; Giberson et al., 2007) .
Amongst functional feeding groups, the higher abundances of shredders in Rankin Inlet region lakes may be due to the much greater landscape coverage and standing biomass of catchment vegetation observed in this region, compared to Iqaluit region lakes, which is the ultimate source of biomass of coarse particulate organic matter (CPOM) upon which shredders feed. Due to the lower levels of nutrients and algal productivity in Iqaluit region lakes compared to Rankin Inlet region lakes, the higher relative abundance of scraper taxa may be due to a relatively greater proportion of primary productivity being associated with periphyton versus primary productivity occurring in the water column. While lower algal productivity and lack of fine particulate organic matter (FPOM) inputs from sparsely vegetated catchments may limit populations of filter feeders, the low calcium concentrations of Iqaluit region lakes may also explain the absence of filter feeding species, which in this study consisted of Sphaerium nitidum (Bivalvia), a molluscan taxa that has high calcium requirements due to producing a calcareous exterior shell. Predator taxa had similar abundances in both regions, and had a strong negative correlation with lake catchment area. As catchment area was most strongly correlated with lake surface area (r 5 0.68, P 5 0.001), dissolved organic carbon (DOC) concentration (r 5 20.46, P 5 0.042), and depth (r 5 0.45, P 5 0.050), this suggests that secondary productivity and the preferred food of predators were relatively more abundant in smaller, shallower, more humic lakes, driven by the higher algal biomass in shallower lakes (Zmax vs. CHLA, r 5 20.47, P 5 0.037).
It is surprising how important dissolved oxygen (DO) was as an explanatory variable in RDAs of both the full and Rankin Inlet-only data sets, as the minimum DO measured was 7.
. This suggests that the cold-adapted arctic taxa in this region's lakes and ponds are particularly sensitive to oxygen depletion and other environmental gradients correlated with DO, such as lake productivity (DO vs. TP, r 5 20.67, P 5 0.001) and algal biomass (DO vs. CHLA, r 5 20.68, P 5 0.001).
The absence of a large number of major taxonomic groups in the Iqaluit region indicate that differences in community composition when comparing benthos communities in Iqaluit sites compared to Rankin Inlet sites may be partially driven by biogeographical influences. Lack of hydrological connectedness to more southerly catchments on the mainland continent may limit the dispersion of taxa into sites near Iqaluit on Baffin Island. It is difficult to tease out the relative influences of climate gradients versus biogeographical isolation, as the more isolated Iqaluit region also has a colder climate. It is worth noting, however, that, on a latitudinal basis, sites from the two regions are within 1u of latitude from each other, so 'instantaneous' solar insolation limits on algal productivity should be very similar in the two regions. Although benthos sampling effort was lengthy (,10 min per each of three kick-and-sweep transects) at each site, suggesting that we had recorded ''true'' absences of taxa at sites, it is possible that FIGURE 2. Relative abundance (%) of (a) major taxonomic groups and (b) functional feeding groups in Iqaluit region and Rankin Inlet region sites. Error bars represent ±1 standard error.
further fieldwork involving benthos sampling at more Iqaluit sites may result in the collection of additional taxonomic groups currently noted as absent in the Iqaluit region. Intensive benthos sampling of stream sites in the Iqaluit region (Medeiros et al., 2011) similarly recorded the absence of a number of major taxonomic groups, and while there were Ephemeroptera specimens collected in Medeiros et al. (2011) , benthos collections of Ephemeroptera were from stream, not lake, sites. Table 1 , taxa codes are as in Table 2 . Table 1 , taxa codes are as in Table 2 .
climate may also decrease overwintering survival of benthos communities, which may be quite long-lived (e.g. up to 7 years per generation) in cold arctic lakes (Butler, 1982) , or result in the persistence of taxa with tolerances for much colder winter temperatures regardless of the relative similarity in summer water temperatures between different regions.
The lack of any difference in species diversity, when comparing Iqaluit and Rankin Inlet sites, despite clear separation of the two regions' site scores in multivariate ordinations, suggests regional differences in benthos community composition that reflect species replacements according to the ecological preferences of different taxa, as opposed to differences in species richness. Substantive changes in species diversity might not be observed until these environmental gradients are lengthened to include more extreme conditions, such as lakes with more nutrients and productivity beyond this study's TP range of 2-6 mg L
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RELATIVE INFLUENCES OF SMALL-SCALE VS. LARGE-SCALE VARIABLES ON BENTHOS
Although latitudinal gradients (e.g. climate-dominated processes) may account for most variation in species richness and community composition in many aquatic systems (e.g. arctic ecosystems) examined at particularly large spatial scales, locally, landscape position and catchment-related gradients have a stronger, more direct impact in structuring aquatic habitats (Johnson and Goedkoop, 2002; Johnson et al., 2004) . Variance partitioning analyses at a smaller spatial scale, involving only Rankin Inlet sites, indicated that there was a greater influence of catchment-related gradients, including silica concentration (Si vs. CA, r 5 20.45, P 5 0.047), lake elevation, and lake catchment size. Nonetheless, ecosystem-scale variables (e.g. nutrients, major ion chemistry, lake morphometry) had a dominant influence on benthos community composition in both sets of analyses.
While habitat-related variation in benthos communities was more important in full data set analyses versus Rankin Inlet-only analyses (24.3% vs. 19.8% of variation in RDAs), due to a relationship between region and dominant substrate type (e.g. boulder substrate dominated only in the Iqaluit region, sand and clay substrate dominated only in the Rankin Inlet region), the amount of variation associated with the 'pure' effect of habitat remained the same in the two sets of analyses (13.2% vs. 12.1%). The relationship between region and dominant habitat may indicate that there are strong linkages between climate, catchment vegetation, and dominant shoreline substrate type, and hence suitable habitat for particular species of benthos.
CAN REGIONAL DIFFERENCES IN BENTHOS PROVIDE INSIGHT INTO CLIMATE-RELATED CHANGES IN COMMUNITY COMPOSITION?
Comparisons in RDA results for the full data set vs. Rankin Inlet-only analyses emphasize the importance of scale in influencing analysis results. While sample sizes were small in this study, as the study lakes were representative of the water bodies found in each region, increased sample size would likely reduce within-group variability with little change in group means, emphasizing the statistically significant patterns identified in this study. Ecosystem-and catchment-scale variables such as lake surface area and catchment area were retained in Rankin Inletonly analyses, while nutrient and productivity variables (TP, TN, CHLA) were retained in full data set analyses. This is interesting as the former variables were not different between the two regions, while the latter variables were. As this study's two regions had different year-round climate at similar latitudes, RDA results from full data set analyses may provide insights into how the benthos of arctic lakes and ponds in central Nunavut may change in response to future climate warming of a magnitude similar to the current difference in summer temperature between Rankin Inlet and Iqaluit (,1-2 uC).
If a warmer climate leads to a longer ice-free period in the annual hydrological cycle, increased water flow and permafrost melting may increase in catchment weathering and soil erosion (Rouse et al., 1997) . If these climate-related hydrological changes result in an increase in nutrient loading and detrital inputs (Hobbie et al., 1999) , there would not only be a change in ecosystem-scale variables (e.g. nutrient, DOC), but also a change in habitat-scale variables, as formerly bare rock along the shoreline may become covered in greater amounts of fine particulate soil matter eroding from the catchment, or detrital remains of catchment vegetation whose growth is enhanced in warmer climates.
Taxa much more strongly associated with Rankin Inlet sites, such as Culicoides (Ceratopogonidae) or Tipula (Tipulidae), may become more abundant in the Iqaluit region if its climate warms to be more similar to that of Rankin Inlet. However, it may be tenuous to make predictions on specific taxa, as examinations of FIGURE 6. Variance partitioning analysis (VPA) results, with significant (P , 0.05 or P , 0.10 for Rankin Inlet-only analyses) environmental variables partitioned into three categories: habitat (H), ecosystem (E), and catchment+ (C), for both Iqaluit and Rankin Inlet and Rankin Inlet-only analyses. Numbers within bars are percentage of variance explained by each explanatory fraction (R 2 ); numbers within parentheses are adjusted percentages (R individual taxa in this study suggest that a number of mechanisms may be limiting their arctic range, including availability of suitable substrate type or possibly biogeographical limitations on dispersal and colonization. Consequently, it may be more cogent to examine patterns and responses of benthos at the functional feeding group level. For example, experimental manipulations of an arctic pond revealed that artificial fertilization dramatically increased abundances of filter feeders due to increases in primary productivity (Hershey, 1992) . Therefore, comparisons of ecosystem productivity and benthos composition between Rankin Inlet and Iqaluit suggest that, if future climate warming results in higher productivity, the importance of filter feeders may increase. Previous limnological studies of arctic lakes and ponds have shown that the main source of carbon inputs is allochthonous, with strong correlations between DOC, adjacent vegetation cover, and productivity in lakes and ponds (Pienitz et al., 1997a (Pienitz et al., , 1997b Hamilton et al., 2001) . While there are currently no differences in DOC concentration between Rankin Inlet and Iqaluit region lakes and ponds, if continued future climate warming results in increases of DOC and allochthonous inputs of detritus from catchment vegetation, there would be future increases in the abundance of shredders. While there are currently no regional differences in ecosystem species diversity, as filter feeders were absent from less productive Iqaluit region lakes, future climate warming may facilitate major ecosystem changes via the colonization of new species, versus more modest changes via shifts in the abundances of already-present benthic species. While biogeographical limits on species dispersal and colonization into the Arctic Archipelago may currently limit the range of a number of Arctic benthic species to the mainland, these limits may decline or disappear as maritime cargo traffic dramatically increases through an ice-free Northwest Passage, providing new opportunities for species invasions into the Arctic (Walther et al., 2009 ).
